Tacrine and suxamethonium were used to produce muscle relaxation in 29 anaesthetized patients. Relaxation was monitored with a nerve stimulator. Post-tetanic facilitation was observed in 24 patients (83 per cent). In spite of this, operating conditions were satisfactory in 26 patients. Poor operating conditions were associated with the more severe degrees of phase II block as judged by an increasingly obvious post-tetanic facilitation. The value of the nerve stimulator and the indications for further doses of tacrine or for changing to an anti-depolarizing relaxant are discussed.
Since its introduction into clinical anaesthetic practice (Gordh and Wahlin, 1961) tacrine is now widely used to extend die action of suxamethonium. It has been argued that by reducing the total dose of suxamethonium this technique minimi7.es the iisk of the development of dual block (Barrow and Smethurst, 1963; Speirs, 1966; Older, Harris and Mitchard, 1966) . This would be an important advantage if the development of dual block depended only on dosage. Whilst doses of 500 to 1500 mg are quoted as producing dual block (Churchill-Davidson, Christie and Wise, 1960; Bush, 1961) these figures cannot be applied to patients with depressed pseudocholinesterase activity (whether inherited or drug-induced). Kalow (1959) demonstrated that 70 per cent of a dose of suxamethonium is destroyed in the first minute by blood at pH 7.0 and temperature 30 °C and suggested that it is probably twice as fast in vivo. Thus in patients with normal pseudocholinesterase activity, it is probable that a considerable fraction of an injected dose of suxamethonium is destroyed before it reaches the motor endplate.
It has already been established that dual block does occur in patients in whom small doses of suxamethonium are potentiated with tacrine (Smart, 1964; Older, Harris and Mitchard, 1966) . Other workers have had difficulty in restoring adequate respiration (McCaul and Robinson, 1962; Barrow and Smethurst, 1963) . The purpose Present address: Department of Anaesthetics, Royal Infirmary, Glasgov, Scotland. of this present study was to investigate the frequency of dual block in a group of patients in whom this technique was used.
METHOD
In 29 anaesthetized patients tacrine and suxamethonium were used to obtain muscular relaxation. Their ages ranged from 16 to 70 with a mean of 45. There were 14 men and 15 women. The operations performed are listed in table I. There was no standard premedication, all the common combinations of opiate andantisialogogue being used. Anaesthesia was induced with thiopentone 200 to 300 mg followed immediately by suxamethonium 50 mg (all suxamethonium doses given as chloride) for intubation. The time until spontaneous respiration returned was noted to exclude any patients with an undue sensitivity to suxamethonium. No patient in whom apnoea lasted longer than 8 minutes was included. During this period of apnoea the lungs were ventilated with nitrous oxide (7 l./min) and oxygen (3 ] ./ min) with 0.5 per cent halothane. On return of spontaneous respiration each patient was allowed to breathe nitrous oxide (7 l./min) and oxygen (3 l./min) with 1 per cent halothane through a Magill circuit while being positioned for surgery. Once in theatre, an arm was abducted on a board and the ulnar nerve was stimulated at the wrist, using the Medelec nerve stimulator set at maximum intensity and a rate of 3/sec (twitch rate), the skin being rubbed with e.c.g. electrode jelly. The resultant unimpeded movement of the fingers was noted. Tacrine 15 mg (preceded by atropine 0.5 mg where this had not been included in the premedication) was given intravenously. All injections were given either through a Gordh needle which was flushed through with 2 ml of saline or distilled water after each injection, or into a fastrunning drip. Suxamethonium 10 mg in 1 ml was given 1 to 2 min after the tacrine injection and thereafter pulmonary ventilation was maintained using nitrous oxide (7 l./min) and oxygen (3 1./ min) and a Blease open-circuit ventilator. Early cases were unsatisfactory owing to the sudden reappearance of muscle tone and the apparent near-wakefulness of the patients. Halothane 0.5 per cent was added to the inspired gases when this occurred and it became routine in the remainder of the series. One patient received three injections of fentanyl 0.1 mg intravenously and another received pethidine 50 mg intravenously during operation.
The effect of each 10-mg dose of suxamethonium was assessed using the Medelec nerve stimulator as previously. The resulting finger movement was categorized thus: -No twitch. + Twitch just visible. + + + Twitch equal in intensity to the control twitch before tacrine. + + Any intermediate twitch.
Using the twitch-tetanus-twitch sequence, the presence of post-tetanic facilitation was assessed thus: -Absent. + Present (cases of doubt were recorded as negative). + + Marked. Following the injection of suxamethonium, tests were made to assess twitch strength and post-tetanic facilitation every 2 minutes until the first appearance of the returning twitch and thereafter every minute until another dose of suxamethonium was indicated. Subsequent 10-mg doses of suxamethonium were given either when the twitch was assessed as having returned to its full strength (+ + +) or on any evidence of breathing, straining or returning muscle tone. The surgeon was invited to pass frank comments about the state of relaxation at any time. When the interval between doses of suxamethonium became inconveniently short (6 minutes or less) a further 15-mg dose of tacrine was given. If, however, the end of the operation was expected within the next 10 to 15 minutes, tacrine was withheld and the dose of suxamethonium increased to 20 mg.
At the end of each case a note was made of the adequacy or otherwise of muscular relaxation throughout the operation. A respirometer was not always available and the adequacy of spontaneous respiration was judged by the movement of the reservoir bag, by the absence of tracheal tug and by the patient's ability to maintain his colour on air.
RESULTS
The results are summarized in table II. The length of anaesthetic and cumulative dose of suxamethonium was measured from the first dose of suxamethonium following the first dose of tacrine. Figures given in brackets are means.
Post-tetanic facilitation was demonstrated in 24 patients (83 per cent). The time at which it appeared varied from 3 to 47 minutes. The dose of suxamethonium (excluding the pre-tacrine dose of 50 mg) at which this evidence of dual block was first seen varied from 10 to 60 mg with a mean of 23.3 mg. The 5 patients who did not show post-tetanic facilitation were comparable as regards length of operation and total dose of suxamethonium. They were, however, all females and of a slightly younger average age (38.2 compared with 46.1) than the others although not significantly younger than the other women (average age 38.9). In 7 of the 24 patients, the post-tetanic facilitation was definitely increasing in severity with the passage of time. In 3 of these patients the state of relaxation was considered to be unsatisfactory throughout most of the operation and a change was made to gallamine in 2 of them. Gallamine was also given to a third patient showing increasing post-tetanic facilitation although operating conditions were still satisfactory. Two others were satisfactory for most of the operation but became unsatisfactory towards the end. Five of the 7 patients received more than one dose of tacrine and in 4 of these 5 (including 2 of the 3 unsatisfactory ones) subsequent doses of tacrine were less effective than the first dose had been.
The effect of gallamine in the 3 patients to whom it was given appeared to be more profound than usual for the dose employed (2 patients received 40 mg in a single injection which produced very adequate relaxation for 50 and 32 minutes respectively; the third received 4 doses of 20 mg, each dose giving good relaxation for 25 to 30 minutes). In one of these patients 10 mg of edrophonium given 17 minutes after 40 mg of gallamine had no effect. A second dose of edrophonium (10 mg) given 1 hour after the gallamine produced an immediate return of twitch to full strength. A second patient showed improvement following atropine 0.5 mg and neostigmine 2.5 mg. In neither of these patients was there any difficulty in the restoration of adequate spontaneous respiration. In the third patient twitch was full strength and post-tetanic facilitation absent at the end of the operation. Difficulty was experienced in establishing spontaneous respiration; this was ascribed to central depression and prompt recovery followed the combined administration of levallorphan 1 mg and nikethamide 2 ml.
Edrophonium 10 mg was given to 2 further patients (who had not received gallamine) at a time when they were showing depression of twitch and post-tetanic facilitation. In both these patients a marked improvement in the twitch and the disappearance of post-tetanic facilitation occurred.
DISCUSSION
Because of the relatively crude form of testing, post-tetanic facilitation was easier to detect than fade of tetanus and this was therefore chosen as the criterion of phase II block. ChurchillDavidson, Christie and Wise (1960) found evidence of dual block in 10 of 10 patients receiving suxamethonium by intermittent intravenous injection or by infusion. Katz, Wolf and Papper (1963) similarly were able to demonstrate phase II block in each of 53 patients. If a more elaborate system of recording had been used in this series it is possible that some evidence of dual block would have been found in more, if not all, patients.
The most interesting feature of this series was the marked variation from patient to patient in the ease with which dual block developed. Katz and his co-workers (1963) concluded that the development of anti-depolarizing block was dose-, but not time-dependent. They did, however, find that certain patients showed post-tetanic facilitation after a cumulative dose of 1 mg/kg of suxa-methonium whereas a dose of 2 mg/kg was necessary before it was regularly seen in all patients. It is to be expected that patients who have received an arbitrary dose of 15 mg of tacrine, irrespective of body weight or plasma cholinesterase level, will show even greater variation. It was also interesting to note in this series that unsatisfactory operating conditions were encountered only in patients who developed an increasing degree of phase II block.
This investigation also gives some indication of the usefulness of a nerve stimulator to monitor the neuromuscular block throughout anaesthesia. In 18 out of 29 patients the nerve stimulator indicated the need for further suxamethonium before operating conditions deteriorated. In other words, it is not completely reliable from this point of view. This is not surprising as the hand muscles are among the last to recover (ChurchillDavidson, 1963) . If halothane had not been used it would have been even less satisfactory. On the other hand, if the twitch is not abolished by the first dose of tacrine and suxamethonium this is a plain indication for giving more. The presence of post-tetanic facilitation is not of itself an indication that operating conditions are becoming unsatisfactory, but if it is increasing in intensity suxamethonium becomes progressively less effective and the response to further doses of tacrine is disappointing. This seems to be an indication for a change to an anti-depolarizing relaxant, but the use of such a mixture of relaxants brings with it its own problems. 
